Complementary DNA (cDNA) synthesized by Moloney murine sarcoma virus (M-MSV) was separated into two parts, the first, termed MSV-specific cDNA, composed of nucleotide sequences found only in M-MSV viral RNA, and the second, termed MSV-MuLV common cDNA, composed of nu-cleotide sequences that were found in both M-MSV and murine leukemia virus (MuLV) (3). Laboratory strains of oncoviruses do contain information that is different from the spontaneously released oncovirus of the species (6, 7). Of these, the sarcomagenic oncoviruses generally contain both a set of nucleotide sequences shared with leukosis-leukemia viruses, and another set of sequences that are dissimilar from those of other oncoviruses of the species (6-10). Complementary DNA (cDNA) can be transcribed from sarcoma virus RNA by the viral endogenous DNA polymerase. The cDNA represents both the "shared" and the "specific" moieties of the sarcoma virus genome. We were able to isolate these distinct moieties from the genome of the Moloney isolate of murine sarcoma virus (M-MSV) (9). By hybridizing the total M-MSV-MuLV cDNA with Moloney NMuLV (M-MuLV) viral high-molecular-weight RNA and separating the hybridized from the unhybridized cDNA by hydroxylapatite chromatography and repeating this procedure using viral RNA from the feline leukemia virus pseudotype of M-MSV [MSV(FeLV)], we were able to isolate cDNA fractions that represented different portions of the M-MSV genome, "MSV-specific cDNA" and "MSV-MuLV common" cDNA (9). The isolation of MSV-specific cDNA allowed us to approach and answer two critical questions: first, whether MSV-specific cDNA was present in normal cellular DNA; and, if it was, whether there was RNA that was complementary to MSV-specific DNA in cells transformed by homologous virus, by different sarcoma viruses, or by chemical or physical agents; MATERIALS AND METHODS The Murine Sarcoma Virus-Specific Complementary DNA. The nature and the specificity of the MSV-specific cDNA derived from the sarcoma + leukemia -(S+L-) M-MSV genome has been described (9). Two sets of distinct cDNAs were isolated from MSV: that which was found only in MSV, operationally designated as "MSV-specific cDNA" (26% of the genome) and that which was shared by MSV and M-MuLV, labeled "MSV-MuLV common cDNA" (74% of the genome) (9). The genetic content of "MSV-specific cDNA" is unknown. The sources and the preparation of Kirsten (Ki) MSV and Harvey (Ha) MSV RNA and cDNA were previously described (9).
MSV-specific cDNA. Transformation of cells with M-MSV resulted in transcription of RNA hybridizing with MSV-specific cDNA. Methylcholanthrene-induced mouse sarcomas and cell lines derived from them did not contain RNA complementary to MSV-specific cDNA. Mouse Extensive evidence demonstrates that vertebrate species contain genes related to endogenous RNA tumor virus in the form of DNA that behaves genetically as cellular DNA. The usual RNA form of these viruses is released from cells of many species by physical or chemical agents (1) (2) (3) (4) (5) . Functionally, the oncoviruses that are spontaneously released from normal cells of a species are nontransforming and can be categorized as leukosis-leukemia, helper-type viruses (2) (3) (4) (5) . Although most of these agents are not known to be oncogenic, others such as the AKR type of murine leukemia virus (MuLV) are capable of causing neoplasia Abbreviations: MSV, murine sarcoma virus; M-MSV, Moloney isolate of MSV; MuLV, murine leukemia virus; M-MuLV, Moloney isolate of MuLV; M-MSV(FeLV), the feline leukemia virus pseudotype of M-MSV; cDNA, complementary DNA made by the endogenous RNA-dependent DNA polymerase (reverse transcriptase) reaction; MSV-specific cDNA, operational term describing cDNA representing that specific region of the M-MSV genome not shared with MuLV; MSV-MuLV common cDNA, cDNA representing those sequences of M-MSV which are also found in M-MuLV; MMTV, mouse mammary tumor virus; MuX, murine xenotropic oncovirus; SV40, simian virus 40; ASV, avian sarcoma virus; Ki-MSV, Kirsten isolate of MSV; Ha-MSV, Harvey isolate of MSV; S+L-, sarcoma+ leukemia-; MCA, 3-methylcholanthrene; tm, melting temperature; Cot and Crt, product of DNA and RNA concentration, respectively, and hybridization time. (3) . Laboratory strains of oncoviruses do contain information that is different from the spontaneously released oncovirus of the species (6, 7) . Of these, the sarcomagenic oncoviruses generally contain both a set of nucleotide sequences shared with leukosis-leukemia viruses, and another set of sequences that are dissimilar from those of other oncoviruses of the species (6) (7) (8) (9) (10) . Complementary DNA (cDNA) can be transcribed from sarcoma virus RNA by the viral endogenous DNA polymerase. The cDNA represents both the "shared" and the "specific" moieties of the sarcoma virus genome. We were able to isolate these distinct moieties from the genome of the Moloney isolate of murine sarcoma virus (M-MSV) (9) . By hybridizing the total M-MSV-MuLV cDNA with Moloney NMuLV (M-MuLV) viral high-molecular-weight RNA and separating the hybridized from the unhybridized cDNA by hydroxylapatite chromatography and repeating this procedure using viral RNA from the feline leukemia virus pseudotype of M-MSV [MSV(FeLV)], we were able to isolate cDNA fractions that represented different portions of the M-MSV genome, "MSV-specific cDNA" and "MSV-MuLV common" cDNA (9) . The isolation of MSV-specific cDNA allowed us to approach and answer two critical questions: first, whether MSV-specific cDNA was present in normal cellular DNA; and, if it was, whether there was RNA that was complementary to MSV-specific DNA in cells transformed by homologous virus, by different sarcoma viruses, or by chemical or physical agents; MATERIALS AND METHODS The Murine Sarcoma Virus-Specific Complementary DNA. The nature and the specificity of the MSV-specific cDNA derived from the sarcoma + leukemia -(S+L-) M-MSV genome has been described (9) . Two sets of distinct cDNAs were isolated from MSV: that which was found only in MSV, operationally designated as "MSV-specific cDNA" (26% of the genome) and that which was shared by MSV and M-MuLV, labeled "MSV-MuLV common cDNA" (74% of the genome) (9) . The genetic content of "MSV-specific cDNA" is unknown. The sources and the preparation of Kirsten (Ki) MSV and Harvey (Ha) MSV RNA and cDNA were previously described (9) .
DNA-cDNA Hybridizations. We used the single-stranded MSV-specific cDNA as a probe to detect MSV-specific nucleotide sequences in cell DNA. Unlabeled DNA was extracted from livers and spleens of BALB/c, NIH Swiss, C3H mice, Fischer rats, Sprague-Dawley rats, hamsters, and chickens (13) . DNA was also extracted from monolayers of mouse 3T3FL cells, M-MSV-transformed 3T3FL S+L-cells, and cat, dog, and human normal cell lines as well as re-extracted from commercial salmon sperm DNA (Worthington). All cellular DNA preparations were sheared by sonication to a size similar to the DNA polymerase products, 4-6 S. Alkaline sucrose gradients (10-30% sucrose) were centrifuged at 50,000 rpm in a Beckman SW56 rotor at 40 for 18 hr. An (14) . The acidprecipitable radioactive material and the absorbances at 260 nm were determined. Calculations of the product of nucleotide concentration and time (Cot) were carried out as described by Britten and Kohne and corrected for salt concentration (15 with a slightly lower Got112 value. The mouse and cat M-MSV producer cell lines hybridized essentially completely with a still lower Cot112 value, indicating that multiple MSV-specific cDNA copies were present in their cell DNA. Thermal denaturation profiles were done on hydroxylapatite. As seen in Table   2 and Fig. 2 otide sequences were not closely related to those of MSV-specific cDNA; the thermal denaturation profiles showed tm values of 57°-64°.
To determine that the present experimental conditions could detect virus-specific RNA in virus-transformed cells, mouse cells transformed by Ki-MSV, B77 avian sarcoma virus, or SV40 were examined with appropriate cDNAs (Table 4) . Ki-MSV-transformed nonproducer mouse cells are known to express Kirsten-sarcoma-virus-specific and Ki-MuLV-specific RNA (10 The presence of the majority of MSV-specific sequences in the DNA of normal mouse cells and the presence of these sequences in the RNA in M-MSV-transformed mouse cells raised the possibility that there was one set of DNA sequences in all mouse cells which might be transcribed into RNA during cell transformation. The present data are not compatible with the hypothesis that the M-MSV-specific nucleotide sequences are present in RNA in all transformed mouse cells. It may be possible that several of these apparently unrelated sarcoma viruses induce the transcription of unknown common cellular genes involved in pleiotropic responses. An explanation for the origin of oncoviruses with different nucleotide sequences involved in cell transformation has been proposed by Temin (24) . The genes responsible for both virus production and cell transformation would have misevolved from normal cellular nucleotide sequences during DNA to RNA to DNA information transfer (24) . The above data are compatible with the interpretation that sarcoma viruses are recombinants with leukemia type viruses that transduce some cellular information, which in some as yet undefined way leads to cell transformation (10, 20) .
